Abstract -Alloys and ceramics may experience accelerated corrosion at high temperatures when their surfaces are coated by a thin film of fused salt in an oxidizing environment.
INTRODUCTION
Many very important engineering systems operating at high temperatures (650-11OOC) involve contact of metallic or ceramic materials with combustion product gases or other oxidizing gases containing inorganic impurities, e.g. gas turbines, steam generators, incinerators, and numerous petrochemical process vessels. As the gases are cooled, fused salt films may condense on the hardware to generate a highly corrosive condition analogous in some aspects to aqueous atmospheric corrosion. Some other engineering systems such as the carbonate fuel cell, heat treatment baths, etc., use high temperature salts to increase the kinetics of certain electrochemical and chemical reactions. Again materials come into contact with corrosive fused salt films which effect an accelerated degradation known as hot corrosion. The engineering application of high temperature systems, with their associated problems, is understood to be inherent in advanced technologies. As the availability of high quality fossil fuels becomes limited, and as the world seeks to incinerate solid wastes and to create more efficient energy conversion processes, etc., the occurrence and damage of hot corrosion is likely to increase.
A wealth of literature exists on the kinetics of hot corrosion, and on the resulting microstructures. Also, the chemistry and electrochemistry of hot corrosion have been reviewed rather recently (Ref. 1). In this paper, more recent developments in the chemistry and electrochemistry of hot corrosion are presented, and earlier papers presenting well known and accepted theories and experimental methods are referenced. Perhaps the three most important facts about the problem are these: 1. generally fused salts are electrolytic conductors so that the attack must be electrochemical in nature, 2. oxyanion fused salts (sulfates, carbonates, nitrates, etc.) exhibit an acid-base behavior that is crucial to most mechanistic aspects of hot corrosion, and 3 . generally, metallic engineering alloys have virtually no regimes for mutual thermodynamic stability with must form upon contact of the salt with the metallic substrate. Clearly, the avoidance of hot corrosion is achieved by forming a slow growing, compact and only slightly soluble oxide scale.
a fused salt such as Na2S04, so that a corrosion product
PHASE STABILITY
This subject has been treated in a manner exactly analogous to aqueous solutions by the formalism of Pourbaix, i.e. plots of electrode potential (oxidizing potential) vs. basicity, which for the pure Na2S04 treated here, is defined as -log aNa20. The phase stability diagram for the Na-S-0 system at 1200 K shown in Fig. 1 was derived from the standard Gibbs energies of formation for the compounds involved (Ref. 2). Na2S04 has been divided into regimes denoting the dominant minority ionic species, upon the assumption of an ideal solutions. This procedure is especially advantageous for the development of realistic interpretations for chemical and electrochemical reactions using the criterion that spontaneous reactions involve the consumption of unstable species and the formation of stable products for the local environmental conditions (coordinates of Fig.1 ). To measure accurately these conditions, a pair of solid-state tubular electrodes has been developed, forming a sodium-ion conducting electrolyte cell and an oxygen-ion conducting electrolyte cell, whose open-circuit potentials reveal the local oxidizing potential and the basicity according to well accepted expressions (Ref. fused Na2S04 at 1200K.
fluxing of a protective scale on a pure metal and the precipitation of the same oxide as non-protective particles in the salt film. Rapp and Goto (Ref. 13) explained that the electrochemical nature of the hot corrosion process would lead to increased basicity at the site of the reduction reaction, so that basicity gradients, and associated solubility gradients, would be expected across the thin fused salt films. Accordingly, protective oxide in the salt film as a criterion for a sustained hot corrosion attack. Goebel and Pettit (Ref. 12 
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Figure 7: Time dependence o f the normalized concentration. of dissolved Cr202 (pure and mixed with FezO3) in fused Na2S04 in 1%S02-02 gas at 1200K. the minimum solubility. In other words, the 0.3NaV03 component of the mixed salt caused an important increase in the acidic solubility, and a similar effect must be expected for most oxides.
To extend, quantify, and generalize the stabilities of vanadates and their effect on the acidic solubilities of oxides, Hwang and Rapp (Ref. 21) assumed an ideal solution for the 0.7 Na2S04-0.3V02.5 system to derive the equilibrium distribution of vanadate derivatives given in Fig. 10 . In combination with the experimental use of the solid state electrochemical probes to measure the Na20 activity, Fig. 10 permits a quantification of the stabilities for the vanadates, at least to the validity of the ideal solution assumption. By using the results of Fig.  9 and assuming a constant activity for the acidic solute of CeOZ in NaZS04-NaV03 solutions, the solubility of Ce02 (or Y203) can be calculated for other concentrations of NaV03 in fused Na2S04, as shown in Fig. 11 . remarkably, even a low content of NaVO3 in Na2S04 results in an important increase in the acidic other oxides. by assuming that the known activity coefficient for the acidic solute for A1203 in pure Na2S04 is retained in Na2S04-NaV03 melts, the solubility for Cr203 in the 0.7Na2S04-0.3NaV03 solution (where no experiments exist) can be estimated, as shown in Fig.  12 . Obviously, such calculated behavior based on simplifying assumptions about the thermodynamic properties of the solutions requires experimental substantiation. solubility of Ce02, or by generalization, of most By the same procedure,
CONCLUSIONS
The solubilities of oxides and their dependencies of melt basicity and oxygen activity constitute important information to interpret hot corrosion mechanisms. Measurements of the local chemistry (reaction trace) in a thin fused Na2S04 film during the hot corrosion of preoxidized Ni indicate a basic fluxing/reprecipitation of NiO according to a negative solubility gradient criterion for hot corrosion. most oxides are raised by the presence of vanadate solutes in fused Na2S04. Calculations have been made, involving simple (reasonable) thermodynamic assumptions to interpret the thermochemistry of sodium sulfate-vanadate solutions and to predict the associated dependencies of oxide solubilities in these solutions.
The acidic solubilities of
